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Abstract 
Introduction. Stenosis of intra- and extracranial arteries due to atherosclerosis is one of the most frequent causes of 

ischemic stroke and mortality worldwide. Stenting of these vessels might be an effective treatment option in symptomatic 
cases.  

Research method. A retrospective study was conducted, including 93 patients with symptomatic atherosclerotic 
stenoses of intra- and extracranial arteries who underwent stenting. The follow-up period was six years. Stroke, infarction, 
and death were accepted as primary outcomes. Statistical analysis was carried out using parametric and nonparametric 
analysis and regression analysis based on the Cox model. 

Results. A statistically significant effect of age on mortality rate was revealed. The analysis showed that an increase in 
blood pressure during the surgery increased the risk of mortality; however, its degree did not have a statistically significant 
influence on the risk of postoperative stroke. Also, the effect of cholesterol level on mortality was not statistically significant. 

Conclusion. Analysis of the risk factors revealed a significant impact of the hypertensive crisis on the mortality of 
patients, increasing it substantially. Correction and control of blood pressure pre-operatively can reduce the risks of stroke 
and mortality after stenting over a long period of time. 

Key words: symptomatic stenoses of extracranial and intracranial arteries, endovascular treatment, stenting, risk factors, 
long-term outcomes of stenting. 
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Введение. Стеноз интра- и экстракраниальных артерий вследствие атеросклероза является одной из наиболее 
частых причин ишемического инсульта и смертности во всем мире. Стентирование этих сосудов может быть 
эффективным методом лечения в симптоматических случаях.  

Методы исследования. Проведено ретроспективное исследование, включающее 93 пациента с 
симптоматическими атеросклеротическими стенозами интра- и экстракраниальных артерий, которым было 
выполнено стентирование. Период наблюдения составил шесть лет. В качестве первичных исходов были приняты 
инсульт, инфаркт и смерть. Статистический анализ проводился с использованием параметрического и 
непараметрического анализа, а также регрессионного анализа на основе модели Кокса. 

Результаты. Выявлено статистически значимое влияние возраста на смертность. Анализ показал, что 
повышение артериального давления во время операции увеличивало риск смертности, однако его степень не 
оказывала статистически значимого влияния на риск развития послеоперационного инсульта. Влияние уровня 
холестерина на смертность также не было статистически значимым. 

Заключение. Анализ факторов риска выявил значительное влияние гипертонического криза на смертность 
пациентов, существенно ее увеличивая. Коррекция и контроль артериального давления на дооперационном этапе 
могут снизить риск развития инсульта и смертности после стентирования в течение длительного времени. 

Ключевые слова: симптоматические стенозы экстракраниальных и интракраниальных артерий, 
эндоваскулярное лечение, стентирование, факторы риска, отдаленные исходы стентирования. 
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Кіріспе. Атеросклерозға байланысты интракраниальды және экстракраниальды артериялардың стенозы бүкіл 

әлемде ишемиялық инсульт пен өлімнің жиі кездесетін себептерінің бірі болып табылады. Бұл тамырларды 

стенттеу симптоматикалық жағдайларда тиімді емдеу нұсқасы болуы мүмкін. 
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Зерттеу әдістері. Ретроспективті зерттеу жүргізілді, оның ішінде интракраниальды және экстракраниальды 

артериялардың симптоматикалық атеросклеротикалық стенозы бар 93 пациент стенттелген. Бақылау мерзімі алты 

жыл болды. Негізгі нәтижелер инсульт, инфаркт және өлім болды. Статистикалық талдау параметрлік және 

параметрлік емес талдауды, сонымен қатар Кокс үлгісіне негізделген регрессиялық талдауды қолдану арқылы 

орындалды. 

Нәтижелер. Өлімге жастың статистикалық маңызды әсері анықталды. Талдау көрсеткендей, операция кезінде 

қан қысымының жоғарылауы өлім қаупін арттырды, бірақ оның дәрежесі операциядан кейінгі инсульт қаупіне 

статистикалық маңызды әсер етпеді. Холестерин деңгейінің өлімге әсері де статистикалық маңызды емес. 

Қорытынды. Тәуекел факторларын талдау гипертониялық криздің пациенттердің өлім-жітіміне айтарлықтай 

әсерін анықтады, оны айтарлықтай арттырады. Операция алдында қан қысымын түзету және бақылау ұзақ 

мерзімді стентингтен кейін инсульт пен өлім қаупін азайтуы мүмкін. 

Түйінді сөздер: бас сүйектен тыс және бассүйек ішілік артериялардың симптоматикалық стеноздары, 

эндоваскулярлық ем, стентинг, қауіп факторлары, стентингтің ұзақ мерзімді нәтижелері. 
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Introduction 
Stroke is a significant public health issue globally. The 

Global Burden of Disease study reported that between 1990 
and 2013, about 26 million people worldwide suffered from 
a stroke, with 71% of them being of the ischemic type. The 
number of stroke-related deaths during this period reached 
6.5 million, with over half of them attributed to ischemic 
stroke [10].  

Intracranial atherosclerosis (ICAS) is a leading cause of 
ischemic stroke worldwide, occurring in up to 56% of 
individuals from different ethnic groups [13]. Studies have 
shown that ICAS is more prevalent in Asian populations, 
leading to ischemic stroke in 30-50% of cases, compared to 
8-10% in North Americans [16]. Additionally, extracranial 
carotid artery stenosis is the third most common cause of 
ischemic stroke globally and the second most common non-
traumatic cause of brain damage in adults under 45 [30]. 
The standard treatment for intra- and extracranial 
atherosclerotic stenoses includes antiplatelet and lipid-
lowering therapy. However, depending on the location and 
severity of the stenosis, as well as the neurological 
symptoms, various surgical procedures such as 
endovascular techniques (carotid angioplasty with stenting, 
intracranial artery stenting), carotid endarterectomy, and 
microsurgical extracranial-intracranial arterial bypass (EC-
IC bypass) may be considered [16,24,26,30].  

Numerous researchers have studied the development 
of arterial stenoses at different sites under the influence of 
various risk factors [6,4,8,14,15]. It has been observed that 
intracranial vessels have a different structure and 
hemodynamics compared to extracranial arteries. Stenting 
of extracranial arteries has shown more favorable results 

than intracranial stenting [17,20,27,28]. However, conflicting 
data exists regarding mortality and the association of risk 
factors with serious complications after stenting 
[2,5,7,18,23,25,28,29]. In this study, we evaluated mortality 
rate among patients who underwent stenting of intra- and 
extracranial arteries and the significance of risk factors in 
the long-term period post-surgery. Also, we subsequently 
created prognostic models to predict fatal outcomes after 
surgery depending on the risk factors that patients have. 

Materials and methods 
A study was conducted on 93 patients with symptomatic 

atherosclerotic stenoses of intra- and extracranial arteries. 
The patients underwent endovascular stenting in 2016–
2017. The study collected baseline clinical data such as 
age, sex, acute vascular events, and risk factors like arterial 
hypertension, diabetes mellitus, coronary heart disease, 
smoking history, and total cholesterol level at the time of 
surgery. Preoperative antiplatelet therapy included 
clopidogrel combined with acetylsalicylic acid for 92 
patients, and one patient received ticagrelor with 
acetylsalicylic acid. Patients were given loading doses of 
medication before stent placement and recommended to 
continue the medication postoperatively. Platelet reactivity 
was measured, and only patients with specific platelet 
reaction units were selected for stenting. The choice of 
stent depended on various factors like the location and 
degree of stenosis, vessel size, and type of atherosclerotic 
plaque. Patients underwent clinical and neurological 
examinations post-surgery, and all adverse events related 
to the procedure were recorded. Neuroimaging follow-up 
included CT angiography or MR angiography of cerebral 
vessels at specific intervals. 
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Outcome assessment 
The primary endpoints were stroke, myocardial 

infarction, fatal outcome, and baseline risk assessment of 
significant risk factors for different follow-up periods. 
Survival time (in months) in the qualitative variable was 
considered from the date of stenting up to the end of the 
follow-up period, which was November 2022. Reports on 
primary outcomes (death, stroke, and infarction in the 
follow-up period) were obtained from outpatient 
departments. 

Statistical analysis was performed in the SPSS-
Statistical 26 program. To assess the normal distribution of 
measured variables, the Shapiro-Wilk test was used. 
Nonparametric quantitative data were analyzed by the 
Mann-Whitney U test; parametric data were analyzed with 
Student's t test. The prognostic model, describing changes 
in mortality depending on the impact of risk factors, was 
built by means of Cox regression. The level of statistical 
significance was determined as p<0.05. 

Results. General data from perioperative medical 
records on anamnesis, comorbidities, and stents used can 
be found in Tables 1 – 5 and figures 3 - 4. 

The mean age of patients undergoing stenting (M 
(SD±)) was 67 years in those with a lethal outcome and 
64.38 years without a fatal outcome; the differences were 
statistically significant (p = 0.020) (Table 1). There was no 
significant difference in blood total cholesterol level in either 
group: the group with the fatal outcome had a mean total 
cholesterol level (M (SD±)) of 4.9 mmol/l, while the 
surviving patients had 4.6 mmol/l as well (p = 0.058) (Table 
1). The median and interquartile range (IQR) of 
hypertensive crisis (mm Hg) were -180 (20) and -200 (30), 
respectively, and the differences were not statistically 
significant, p = 0.450** (Table 1). Following the median and 
IQR body mass index (BMI), in patients with a fatal outcome 
of 27.2 and without a fatal outcome of 25.5 (p = 0.169), 
there was no statistically significant difference between the 
groups (Table 1). The most frequently used stent was 
Protege; it was implanted in 57 cases (61.3%) (Table 5).  

 

Table 1. 
Baseline characteristics of patients before surgery. 

Evaluation results Results Fatal outcome (1) Alive (2) p-value 

Age М (SD±) 67 (±7,2) 64,38 (±6,58) 0,020* 

Cholesterol (mmol/L) М (SD±) 4,9 (±1,4) 4,6 (±1,3) 0,058* 

Magnitude of the hypertensive crisis Me (Q1-Q3) 180 (20) 200 (30) 0,450** 

BMI Me (Q1-Q3) 27,2 (7,42) 25,5 (2,99) 0,169** 

Me - median, Q1-Q-3 - interquartile range, M-mean, SD – standard deviation, t Student’s test*, Mann-Whitney U-test** 
 

Table 2. 
Summary of patients’ data. 

Outcomes / risk factors (n) % 

Ischemic stroke > 6 months before stenting 53 56,9 

Ischemic stroke < 6 months and > 8days before stenting 39 41,9 

Myocardial infarction > 1 month before stenting  18 19,4 

Smokers in the past 36 38,7 

Current smokers 11 11,8 

Intracranial stenting 20 21,5 

Extracranial stenting 73 78,5 

males 67 72 

females  26 28 

Degree 1 arterial hypertension 7 7,5 

Degree 2 arterial hypertension 8 8,6 

Degree 3 arterial hypertension 76 81,7 

Diabetes mellitus 34 36,6 

Ischemic heart disease 47 50,5 

Stroke after stenting 15 16,1 

Myocardial infarction after stenting  4 4,3 

Mortality 27 29 
 

Table 3. Stroke rate in patients with intra- and 
extracranial atherosclerotic stenoses after stenting. 

  Intracranial Extracranial Overall 

30 days after intervention None None None 

90 days after intervention None 1 1 

1 year after intervention 2 2 4 

2 years after intervention None 5 5 

3 years after intervention 4 7 11 

4 years after intervention 5 8 13 

5 years after intervention 7 8 15 

Total 7 8 15 
 

 

Table 4. Mortality rate in patients with intra- and 
extracranial atherosclerotic stenoses after stenting. 

  Intracranial  Extracranial Overall 

30 days after intervention None None None 

90 days after intervention None None None 

1 year after intervention 1 3 4 

2 years after intervention None 4 4 

3 years after intervention 2 10 12 

4 years after intervention None 14 14 

5 years after intervention 4 18 22 

6 years after intervention 7 20 27 

Total 7 20 27 
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Table 5. 
Stents used. 

№ Stent types n % 

1 Casper 3 3,2 

2 Protege 57 61,3 

3 Biotronic 1 1,2 

4 Resolute Integrity 7 7,5 

5 XIENCE Xpedition 1 1,1 

6 Cristallo Ideal 2 2,2 

7 Carotid Wallstent 1 1,1 

8 Terumo Ultimaster 6 5,5 

9 Orsiro 1 1,1 

10 Promus PREMIER 2 2,2 

 
As a result, we developed a prognostic model with the 

Cox regression method. The model describes the changes 
in mortality depending on the impact of risk factors: age, 
sex, diabetes mellitus, coronary heart disease, cholesterol 
level, hypertensive crisis, degree of blood pressure 
elevation, smoking, localization of atherosclerotic plaques 
(intracranial and extracranial), and stent use. The selection 
of predictors by the Wald exclusion method resulted in 
model 1 given below. 

 
hi(t) =h0(t)*exp (0.020*X1), 

 
where hi(t) is the predicted risk of crisis for the i-th 

patient (in%), h0(t) is the baseline risk of hypertensive crisis 
development for a certain time period t (in%), and X1 is the 
extent of hypertensive crisis (mm Hg). 

Model 1 was statistically significant (p = 0.043). 
The values of the baseline risk of mortality for different 

time periods are presented in Table 6.  
Table 7 and Figure 1 show the change in the risk of a 

fatal outcome depending on the factor. Furthermore, the 
analysis revealed a statistically significant increase in the 
risk of lethal outcome with a 1 mmHg increase in BP during 
a hypertensive crisis by 1.020 times (p = 0.001). 

Using the Cox regression method, we developed a 
prognostic model describing the changes in mortality 

depending on the impact of risk factors: age, sex, diabetes 
mellitus, coronary heart disease, cholesterol level, 
hypertensive crisis (mmHg), degree of blood pressure 
increase, smoking, localization of atherosclerotic plaques 
(intracranial and extracranial), and stent use. The selection 
of predictors by the Wald exclusion method resulted in the 
following model: 

 
hi(t) =h0(t)*exp (0.178*X1), 

 
where hi(t) is the predicted risk of crisis for the i-th 

patient (in%), h0(t) is the baseline risk of developing a crisis 
for a certain time period t (in%), and X1 is the degree of 
arterial hypertension (1st degree, 2nd degree, 3rd degree). 

The statistical significance of model 2 was not 
substantial (p = 0.103). However, the clinical significance of 
this increase in risk should be evaluated in the context of 
the specific population and clinical situation. Finally, Table 6 
provides baseline stroke risk values for different time 
periods, whereas the change in risk of mortality depending 
on the factor is given in Table 7 and Figure 2. 

 
Table 6.  

Baseline risk values for death and stroke for different 
time periods (max. – 67 months). 

Time 
(months) 

Baseline risk value h0(t) 
for fatal outcome 

Baseline risk value h0(t) 
for ischemic stroke 

5 0,000 0,000 

29 0,001 0,001 

34 0,002 0,002 

36 0,002 0,002 

40 0,003 0,003 

45 0,004 0,004 

56 0,004 0,004 

58 0,005 0,005 

60 0,006 0,006 

62 0,006 0,006 

64 0,007 0,007 

66 0,008 0,008 
 

 
Table 7.  

Changes in the risk of death and stroke after stenting in patients with atherosclerosis compared with the baseline, 
taking into account the influence of individual factors. 

Risk factors Changes in risk in the presence of a factor 
Р - value 

HR 95 % CI 

Magnitude of hypertensive crisis (for fatal outcome) 1,020 1,001-1,040 0,02 

Blood pressure level (for ischemic stroke) 3,248 0,628-16,788 0,160 

67 0,008 0,008 

 
According to the outcomes of the performed statistical 

analysis, the risk of stroke development increased with the 
presence of a higher degree of arterial hypertension by 
3.248 times, but the result was not statistically significant (p 
= 0.160). Despite the HR being greater than 1, the result is 

not statistically significant because of the wide confidence 
interval and high P value. It is possible that larger studies or 
consideration of other factors may be needed to assess the 
association between blood pressure and the risk of stroke 
more accurately. 
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Figure 1. Changes in the risk of death after stenting in patients with atherosclerosis  
compared with the baseline, taking into account the influence of individual factors. 

 

 
 

Figure 2. Changes in the risk of stroke after stenting in patients with atherosclerosis 
compared with the baseline, taking into account the influence of individual factors. 

 

 
Figure 3. Stroke rate in patients with intra- and extracranial atherosclerotic stenoses after stenting. 
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Figure 4. Mortality rate in patients with intra- and extracranial atherosclerotic stenoses after stenting. 
 

Discussion 
Many studies have analyzed the rates of perioperative 

stroke incidence and mortality in the long term, but the 
results on fatal outcomes were different 
[1,2,5,7,12,15,18,23,29]. 

For intracranial stenoses, the guidelines of the 
American Heart Association and the American Association 
for Stroke Prevention are currently applied worldwide. The 
same is true in our country: as the first-line treatment of 
symptomatic and asymptomatic stenoses of intracranial 
arteries, double antiplatelet therapy (DAT) with correction of 
modifiable risk factors is recommended [17, 32]. 

The SAMMPRIS multicenter RCT, conducted in the 
United States with a sample of 451 participants, evaluated 
the risk of recurrent stroke or death in patients with ICAS 
[5]. The patients were divided into groups according to the 
type of intervention: the first (224 patients) underwent 
stenting combined with DAT, and the second (227 patients) 
had DAT alone. As drug therapy, patients received 325 mg 
aspirin (ASC) daily for the entire follow-up period and 75 mg 
clopidogrel daily for 90 days. The risk of stroke or death 
within 30 days was significantly higher in patients in the first 
group than in the group receiving DAT alone (14.7% vs. 
5.8%; p = 0.002). The SAMMPRIS authors also report that 
the high mortality and stroke rates in the stenting group 
were due to perioperative complications such as vessel 
occlusion by detached plaques. At the 1-year and 3-year 
follow-ups, a higher incidence of stroke or mortality was 
reported in the stenting + DAT group than in the control 
group (19.7% and 12.6% [p = 0.04] in the first year; 23.9% 
and 14.9% (p = 0.02) in the third year) [5]. However, Yu W. 
and Jiang W. analyzed the results of the SAMMPRIS trial, 
which studied the incidence rates of recurrent disabling 
stroke and mortality 30 days after stenting or medical 
therapy [29]. According to the results of the analysis, the 
incidence of disabling or fatal strokes was three times 
higher in the medical therapy group than in the stenting 
group (6.2% in the medical therapy group versus 2.2% in 
the stenting group). Thus, in cases where angioplasty and 
stenting are performed with low rates of periprocedural 
complications, the long-term benefits of stenting can 
provide some protection against disabling stroke and death 
compared to drug therapy alone. 

Additionally, the multicenter clinical trial WEAVE 
evaluated perioperative and postoperative complications at 

72 hours with WINGSPAN stenting and DAT. The study 
included patients with symptomatic intracranial vascular 
lesions >70%, with baseline mRS ≤3, who had suffered at 
least 2 strokes and were stented ≥8 days after the last 
stroke. In contrast to SAMPRISS, the surgeons performing 
the operations were more experienced (they completed at 
least 50 operations with the WINGSPAN stent). As a result, 
only 2.6% of patients developed a stroke or died within 72 
hours after surgery. This was followed by the WOVEN trial, 
in which patients from the WEAVE trial were followed up for 
1 year, resulting in a 1-year stroke or death rate of 8.5% [1]. 

In a study by Duan I.H. et al., including 69 patients over 
80 years of age with symptomatic or asymptomatic 
extracranial internal carotid artery stenosis ≥70%, the three-
year survival rate was approximately 90%, whereas the 
five-year survival rate was 73%; thus, the calculated overall 
mortality was approximately 5.4% per year. The authors 
report that stenting in patients in their eighties was safe and 
effective in the periprocedural period if carefully selected. 
Long-term follow-up showed a low rate of fatal and nonfatal 
strokes, and patients survived long enough to benefit from 
the procedure [7]. 

In the SAPPHIRE study [28], the authors compared 
survival and mortality rates in the CAS and CEA patient 
groups for symptomatic carotid artery stenosis >50% or 
asymptomatic carotid artery stenosis >80%. The incidence 
of perioperative mortality, stroke or myocardial infarction 
within 30 days after surgery, and/or death or ipsilateral 
stroke at 1 year (12.2% vs. 20.1%, 95% CI 0.7-16.4%) was 
not significantly different. CAS also performed better than 
CEA in terms of mortality (6.9% vs. 12.6%), stroke (5.7% 
vs. 7.3%), and myocardial infarction (2.5% vs. 7.9%). At 
long-term follow-up, the stroke mortality rate at three years 
was 21.4% in the group of asymptomatic patients who 
underwent CAS and 29.2% in patients who underwent CEA 
[28, 19]. 

In a systematic review by Ding X. et al. on the 
differences in the degree of influence of risk factors in intra- 
and extracranial stenosis among Asian populations, 
smoking and dyslipidemia were recognized as the most 
significant for the development of atherosclerosis, 
especially in the extracranial localization of the lesion [6, 
11]. This may be because intracranial arteries are more 
resistant to hypercholesterolemia due to the different 
protective functions of vascular wall cells. LDL may impair 
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the vasodilation of extracranial arteries but not intracranial 
arteries [21]. 

Miao Z. et al. (2012) compared endovascular and drug 
treatment of stenotic middle cerebral artery lesions and 
identified a history of arterial hypertension as a factor in 
disabling stroke or mortality (P = 0.015). Other risk factors, 
namely, age, sex, physical characteristics, body mass index, 
serum lipid levels, blood glucose levels, coronary heart 
disease, family history, smoking, alcoholism, and neurological 
deficit, did not influence end-point events [15, 20]. 

Conclusion 
In summary, this study on risk factors on mortality after 

stenting of intra- and extracranial arteries revealed a 
significant impact of hypertensive crisis on the mortality of 
patients, increasing it substantially. Correction and control 
of BP before surgery can reduce the risks of stroke and 
mortality over a long period of time. Large randomized trials 
in this direction are needed in the future to understand the 
influence of other risk factors on fatal outcomes. 
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